Conversion Factors, Abbreviations, and Vertical Datum
Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:°F=(1.8×°C)+32
Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:°C=(°F-32)/1.8
Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (μS/cm at 25 °C).
All times are reported in Eastern Standard Time (EST).
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
iv Introduction
The West Nile Virus (WNV) causes infections in humans and animals and has emerged as a public health threat throughout Long Island. The principal transmitting vector is mosquitoes. Possible symptoms of WNV include fever, headache, body aches, skin rash, and swollen lymph glands; and rarely meningitis or encephalitis.
The WNV was first detected in birds and mosquitoes within Suffolk County in 2000 by the Suffolk County Department of Health Services (SCDHS). In response to the public health concern, the U.S. Geological Survey (USGS), in cooperation with the SCDHS, began a 3-year study in 2002 to sample surface waters from selected wetlands ( fig. 1 ) for insecticides that were sprayed seasonally from a truck or helicopter as part of the county's vector-control program. The study was part of a larger USGS investigation to develop analytical methods for detection of synthetic organic compounds at extremely low concentrations (as low as 5 nanograms per liter). The 3-year sampling program was designed to provide data (1) for an environmental-risk assessment (conducted by Suffolk County) of the insecticides used to control mosquito populations suspected of carrying the West Nile Virus, and (2) to aid in the development of spraymanagement guidelines to ensure that harmful amounts of these compounds do not reach lakes or streams.
This report describes the methods of sample collection and analysis and presents the concentrations measured at the 27 sites chosen to be sampled between 2002-04. The data are given in table 1 and summarized in figures. Further detail about concentration versus time is given in tables 2 and 3; and comparison between application processes is summarized in a figure.
Approach and Methods
Water samples were collected in June, July, and August of 2002, 2003, and 2004 . The late spring and earlysummer samplings followed the application of the larvicide methoprene (an insect-growth regulator) for treatment of the waterborne mosquito larvae, whereas the middle-and latesummer samplings followed applications of adulticide, mainly Scourge TM , which targeted adult mosquitoes and contains a 1:3 ratio of the pyrethroid resmethrin to the synergist piperonyl butoxide (PBO). Two of the compounds for which samples were tested (sumithrin and malathion) were not applied during the 2002-04 sampling season. Samples were collected by techniques described by the U.S. Geological Survey (1997 Survey ( -2004 . Some sites were sampled more than once after spraying to measure the changes in the insecticide concentration over time (table 1) .
The sample water at each site was measured for four physical and chemical properties (temperature, specific conductance, pH, and dissolved oxygen concentration) and between two and four liters of water were collected at each site for laboratory analysis. All sites were sampled at the water surface, where the sprayed insecticide is first deposited, but at two sites, additional samples were collected at a 6-in. depth to provide data for the cooperating universities' studies. Wetland streams with appropriate conditions were sampled through an equal-width-incremental (EWI) method that obtains a representative sample for the stream's entire cross section. Most of the sampling sites were shallow and permitted the collection only of surface ("grab") samples. These samples are the easiest to obtain and also minimize the potential for sample contamination because the sampler does not descend far or disturb the natural stratification of the water column.
Samples were collected at each site before an insecticide application (2003-04) as a basis for comparison with postapplication samples. The first year's sampling (2002) was done at 13 sites. All samples were "grab" samples and were collected within 60 min. after a spray application (except sites L and V, fig. 1 ). The 2003 season entailed sample collection at 14 sites, generally once before a spray application and once within the next 6 hours. The third (2004) sampling was done at three sites (F, X, and Y) during August and entailed collection of six pre-spray samples and six additional samples at five times over five days after the spray application. The samples at these three sites were collected at the surface and at a depth of 6-in. to provide data on the decrease in insecticide concentration after spraying.
All water samples were collected in dark-brown glass bottles and filtered into 1-L dark-brown glass bottles to prevent the breakdown of the insecticides through photochemical degradation. All samples were filtered 
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Sample Site (name is given in Field blank samples consisting of deionized water were collected in 2003 and 2004 for quality-assurance and qualitycontrol (QA/QC) purposes. Field-blank sample preparation consisted of pouring the deionized water into dark-brown glass bottles (same as the sample bottles) at the field site 30 min. after insecticide application. The pre-application and field-blank samples were prepared for laboratory analysis in the same manner as the post-application samples (filtered, iced, and shipped). The locations, dates, times, and conditions for each sampling are given in table 1A; the concentrations of each analyte are given in table 1B. These data are also available in the USGS annual hydrologic data reports (Spinello and others, 2003 (Spinello and others, , 2004 (Spinello and others, , and 2005 . Analytical results from sequential replicate samples in 2003 and further analysis of these insecticides are given in Zulkosky and others (2005) . Tables 2 and 3 give further detail about the affect of time and the analyte concentration.
Pesticide Concentrations Before and After the Spray Applications
The most frequent detections of the applied insecticides at each of the 27 sites were in samples collected within 1 hour after the application (table 1B) . None of the six compounds were detected in any of the pre-application or field blank samples. The following sections describe results from four of the sampling areas. These sites were chosen to further describe the varying sampling techniques from each year and to compare the change in insecticide concentration over time.
Sampling at Three Sites in the Lake Ronkonkoma Area (Resmethrin and PBO)
All samples collected in 2002 were surface (grab) samples obtained after an insecticide application. The applied insecticide was detected only in samples from two of the three sites (J, N, and U; fig. 1 ) within 1 hour after application (table 1B) .
The application of Scourge TM (a resmethrin and PBO mixture) and its effectiveness in Nesconset, north of Lake Ronkonkoma ( fig. 1 ), was of interest to the County during the summer of 2002 because WNV had been detected in birds and mosquitoes within the vicinity. Three sites (J, N, and U) were chosen to provide data on the applied concentration as an indication of whether it was reaching Lake Ronkonkoma. A sample was collected at each site 30 min. after the spray event. Both compounds were detected at two sites (J and U; fig. 1 ), but not at the third (site N). The Suffolk County Vector Control program reported the spray event to have been effective in decreasing the number of potentially infected mosquitoes by 85 percent (D. Ninivaggi, oral commun., 2004) .
Sampling at Carmans River (Methoprene)
Stream water at Carmans River at Brookhaven (Wertheim National Wildlife Refuge) (site E; fig. 1 ) was evaluated during the summer of 2003. Methoprene was applied by helicopter at the rate of 0.013 lb/acre (D. Ninivaggi, SCVC, oral commun., 2004). Four water samples were collected-one about 60 min. before the application, and three at specified time increments after the application (table 2) .
As expected, no methoprene was detected in the sample collected before the application, and the highest concentration (9,030 ng/L) was found in the first sample collected after the application. The concentration in the second sample (39 ng/L) was considerably lower than in the third sample (846 ng/L). The second sample was collected during high tide, about 70 min. after the application, whereas the third sample was collected during a falling tide about 2.5 hours after the application.
Sampling at Connetquot River (Methoprene) and Unchachoque Creek (Resmethrin and PBO)
Only two locations (three sites) were sampled during the 2004 season-Connetquot River in Great River (site F) and Unchachoque Creek in Shirley (sites X and Y) ( fig. 1 ).
Connetquot River
No pre-application sample was collected at Connetquot River. Methoprene was detected in the samples obtained [Lat./long. referenced to NAD 83. EST, Eastern Standard Time; EWI, equal width incremental; °C, degrees Celsius; µS/cm, microsiemens per centimeter; mg/L, milligrams per liter; ng/L, nanograms per liter; µg/L, micrograms per liter; n/r, no record; n/a, not analyzed; 00010, National Water Information System (NWIS) parameter code. Locations are shown by site code in fig. 1.] A. Site location, sample-collection data, tide conditions, and pesticide-application data. --3820 3820 3840 39600 38600 38800 6.9 7.8 --6.7 6.7 7.4 6.6 6.5 6.5 6.4 8.7
--2.3 2.3 6.7 2.6 1.5 3.1
n/a n/a n/a n/a n/a n/a 9.0 10.0 1.9 1.9 11.3 11.3 12.4 2.4 0.9 3.2 14.5 14.5 12.8 12.8 9.9 6.9 12.0 10.1
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
from the surface (216 ng/L) and from a 6-in. depth below the surface (82 ng/L), both of which were collected 30 min. after the application. Methoprene was not detected in the later samples (table 1B) .
Unchachoque Creek
Three applications were sprayed at Unchachoque Creek ( fig. 1) -one of methoprene, and two of resmethrin and PBO.
Grab samples were collected from two sites (X and Y) along a manmade ditch ( fig. 2 ) dug in the 1930s as part of a mosquitocontrol program in Long Island's estuarine marshes. The ditch is tidally affected; that is, it becomes partly filled and then drains completely, with the normal tidal cycle.
Samples were collected once before each application, then five times (approximately 0.5h, 2h, 9h, 48h, 96h) thereafter (table 3) . The collection of post-application samples over four days was intended to provide a representative [Location is shown in fig. 1 
Data Summary
The applied insecticides were detected in many of the locations sampled 30 min. after spraying. A summary of the detection frequency and the concentration of the compounds is presented in figure 3 . Of all the analytes, PBO was the most frequently detected (33.3%), followed by resmethrin (11.1%) and methoprene (9.7%) then methoprene acid (2.4%). Sumithrin and malathion were not applied and therefore the two compounds were not detected in any of the samples. 
Summary
The West Nile Virus (WNV) causes infections that can be fatal to humans and animals and has emerged as a public health threat throughout Long Island. The principal transmitting vector of WNV is mosquitoes. The WNV was first detected in birds and mosquitoes within Suffolk County in 2000. The U.S. Geological Survey (USGS), in cooperation with Suffolk County Department of Health Services (SCDHS), sampled surface waters from selected wetlands for insecticides that were sprayed seasonally from a truck or helicopter as part of the county's vector-control program. A total of 72 samples were collected from 27 sites during the summers of 2002-04 and analyzed for 6 compunds-malathion, methoprene, methoprene acid, piperonyl butoxide (PBO), resmethrin, and sumithrin-that are typically used to help control mosquitoes. PBO was the most frequently detected analyte (33.3%), followed by resmethrin (11.1%), methoprene (9.7%), and methoprene acid (2.4%). Sumithrin and malathion were not applied and were not detected in any of the samples. Maximum recorded concentration of compounds in surface water were: PBO (59,800 ng/L), methoprene (9,030 ng/L), methoprene acid (1,710 ng/L), and resmethrin (293 ng/L). The highest concentrations of insecticide were detected in surface waters in areas where samples were collected within the first hour after an application. Concentration of applied insecticide with respect to time was measured over five days at three sites. In general, the initial concentration measured after application was the greatest (except for August 25, 2004 application). All measured concentrations decreased by the fourth day to below the reporting limit of 5 ng/L. PBO and resmethrin were detected more often in samples when the compounds were applied by a helicopter rather than a truck.
